Thus, trace amounts of Be may accumulate in various organisms, such as oyster and fish. 9, 10 If the level of Be in the water is high (for example, > 10 µg l -1 ), this will cause gill abnormality for fish. 11 The levels of Be in fish samples are usually very low and have been reported as < 4 to 7 ng g -1 for a 5 g wet weight basis from 312 fish tissue samples by an inductively coupled plasma-mass spectrometry (ICP-MS) technique. 9 However, a large sample size [either 500 mg of freeze-dried powder of dogfish muscle DORM-2 (National Research Council, Canada), or 5 g wet weight of fish tissues], relatively large amounts of concentrated HNO3 (10 ml) plus H2O2 (2 -6 ml), and a long digestion time (about 6 h) were required in the sample pretreatment for ICP-MS. 9 The risk level for Be in fish samples was reported 9 as 84 ng g -1 .
In the present work, a small sample size (10 mg) of dried marine organism powder was completely dissolved in a mixture of concentrated HNO3 (500 µl)/H2O2 (30 µl) by microwave digestion (85˚C, 10 min). The dissolved Be(II) in the sample was reacted with acetylacetone (acac) [12] [13] [14] [15] [16] in the presence of ammonium acetate buffer (pH = 6.0) to form the chelate of beryllium acetylacetonate [Be(acac)2]. 17 The chelate was preconcentrated on a home-made C18 cartridge, and then eluted with methanol (0.50 ml). Hence, trace amounts of Be (0.046 -2.59 ng) in a marine organism sample (10 mg) can be accurately determined by graphite-furnace atomic absorption spectrophotometry (GFAAS). Since no certified reference materials (CRM) for Be in marine organisms are available at present, spiked recoveries were used to evaluate the performance of the proposed method. Good recoveries were observed for eight marine organism samples [including three Canadian NRC CRMs (DOLT-3, DORM-2, and TORT-2), but uncertified value for Be]. The proposed method could be applied to the measurement of Be in various marine organism samples (such as fish, lobster, oyster, and green algae).
Experimental

Apparatus
A Hitachi Z-8000 graphite-furnace atomic-absorption spectrophotometer, equipped with a Zeeman background corrector, was used for an atomic-absorption measurement of Be at 234.9 nm with a slit width of 1.3 nm. A hollow-cathode lamp of Be (Hitachi Co., Japan) was operated at 10 mA. Uncoated graphite tube cuvettes (No. 180-7400, Hitachi Co., Japan) were purchased. A MARS-5 microwave accelerated reaction system (CEM Co., USA), equipped with a temperaturecontrolled sensor, was used for the microwave digestion of Be in marine organism samples. During microwave digestion, each 7-ml teflon microvessel was placed in a 120-ml teflon PFA vessel that contained about 9.5 ml of pure water for samples (or 10.0 ml of pure water for a temperature-controlled sensor).
Reagents and solutions
All chemicals used were of analytical reagent grade or better. Nitric acid (double distilled) was purchased from Seastar Co., Canada. Methanol, acetylacetone, and hydrogen peroxide (35%, w/w) were purchased from Merck, Germany. A stock standard solution of 1000 mg dm -3 Trace amounts of Be (0.046 -2.59 ng) in a dried marine organism sample (10 mg) could be accurately determined by GFAAS after treating with microwave digestion (HNO3/H2O2) at 85˚C for 10 min and using acetylacetone as a chelating agent in the presence of an acetate buffer (pH 6.0). The method detection limit (MDL, 3σ) for Be was found to be 4.6 ng g -1 ; the calibration graph was linear up to 259 ng g -1 . Good recoveries (98.5 -105.0%) were obtained for eight marine organism samples (including five fish, one lobster, one oyster, and one algae) with a relative standard deviation (RSD, n = 3) < 3.0%. The proposed method could be applied measurements of Be in various marine organisms.
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grade) was purchased from Arch Co. (Norwalk, CT, USA). Ammonium acetate (Merck) and acetic acid (99.99%, Aldrich) were used to prepare an acetate buffer in an aqueous solution and in methanol, respectively.
Samples of marine organisms
Two fish and one lobster CRMs [DOLT-3 (dogfish liver), DORM-2 (dogfish muscle), and TORT-2 (lobster hepatopancrease)] with an uncertified value for Be were purchased from the National Research Council (NRC, Canada). Seven real samples of marine organisms were collected and described as follows: CC-M, CC-L, CC-K (muscle, liver, and kidney of milkfish, Chanos chanos, respectively) and OCT (muscle of octopus, Octopus vulgaris) were bought from the Gushan market (Kaohsiung, Taiwan). GS (muscle of grass shrimp, Penaeus monodon) was harvested from a pond at National Sun Yat-sen University (Kaohsiung, Taiwan). SHAD (muscle of shad, Nematalosa come) was caught at Kaohsiung Harbor (Taiwan). WAM was the muscle of sperm whale, Physter macrophalus, that stranded at Tainan coast (Taiwan) in 1997. An oyster sample (OY, homogenized the whole soft tissue, Crassostrea gigas) was harvested from Chigu Lagoon (southwestern Taiwan). An algae sample (MON, leaves of Monostroma latissmum) was collected from coral reef rocks about 400 m away from the discharge effluent of the third nuclear power plant at Nanuan (southern Taiwan).
Sample preparation
The real samples collected were thoroughly washed with pure water, and their tissues were dissected out, chopped into small pieces, and freeze-dried for 72 h. Several pairs of mortars and pestles were cleaned by rinsing with a cleaning solution (conc. H2SO4/K2Cr2O7), soaked in HNO3 (8 M) overnight, and then washed with deionized water and rinsed with pure water. They were air dried in the laboratory before use. The freeze-dried samples (about 2 g) were ground into a powder with the mortar and pestle to pass through a 710 µm (25 mesh) sieve stainlesssteel screen in the laboratory. Each of the powdered samples was stored in a brown glass vial (20 ml) with a teflon-lined screw cap. The three NRC CRM powders were used as provided without further treatment. In order to make sure that a dry basis was employed, all samples (about 1 g) were placed in a vacuum desiccator at room temperature over magnesium perchlorate (Merck) for at least 72 h before weighing.
Analytical procedure for Be in marine organisms
An amount (10 mg) of dried marine organism sample was accurately weighed to ±0.1 mg and placed in a 7-ml teflon microvessel. For spiked recovery tests or the standard addition method, appropriate amounts (0 -2.50 ng) of Be [100 µg dm -3 of Be(II) prepared in methanol] were added to the samples. After being left standing overnight to allow the methanol to evaporate, conc. HNO3 (500 µl) and H2O2 (30 µl) were added to each sample on the next day. The mixture was microwave digested at 85˚C for 10 min (corresponding to about 60 W for each microvessel).
After cooling to room temperature, each digested sample was transferred to a beaker (200 ml) and its pH was adjusted to about 6.0 by NH3(aq). Acetylacetone (50 µl) and ammonium acetate buffer (25 mmol, pH = 6.0) were added to the solution. The mixture was allowed to react at room temperature for about 1 h 13, 16 to form a chelate of [Be(acac)2]. The chelate was preconcentrated on a home-made C18 cartridge [which was prepared by packing 150 mg C18 particles (Waters Associates Co.) in a 1 ml polypropylene pipette tip], eluted with methanol, and adjusted to 0.50 ml in a small graduated glass test tube (2.00 ml). A portion (20 µl) of the methanol solution was introduced into a graphite cuvette by a microsyringe (50 µl, Hamilton Co., USA) and atomized according to a temperature program ( Table 1 ). The peak heights in absorbance were used for a quantitative analysis.
Results and Discussion
Since the content of Be in NRC DOLT-3 was small (about 0.088 ng) for a 10 mg dried fish sample, an appropriate amount (2.00 ng) of Be(II) in methanol was spiked on each sample in order to compare the effects of the following parameters more clearly.
Temperature program used for GFAAS
The effect of the ramping ashing temperatures (from 600 -600 to 600 -1800˚C for 30 s) and the atomization temperatures (2500 -2900˚C for 4 s) on the absorbance with and without a chelating agent (acetylacetone plus pH 6.0 acetate buffer) was tested with 0.084 ng Be(II) in 20 µl of a methanol solution [which was prepared by spiking 2.00 ng of Be(II) on 10 mg of fish NRC DOLT-3, and finally concentrating to 0.50 ml in methanol]. Figure 1 indicates that when acac was not added into the digested fish sample solution, the Be(acac)2 chelate could not form in the sample solution. Thus, Be could not be adsorbed on the C18 cartridge when the sample solution passed through it. After the C18 cartridge was eluted with methanol, Be was not included in the methanol solution. Hence, no absorbance signal was observed during the pyrolysis. In the presence of acac and acetate buffer, the Be(acac)2 chelate was formed. During ashing, the absorbance increased from 600 -600˚C to 600 -1000˚C for 30 s and decreased above 600 -1200˚C. During atomization, the absorbance increased as the temperature increased from 2500 to 2900˚C for 4 s. Hence, suitable ramping ashing (600 -1000˚C) and atomization (2900˚C) temperatures were used, as tabulated in Table 1 .
Conditions used for microwave digestion
From Ref. 9 and our previous work on the determination of Be in human hair, 16 concentrated HNO3 (500 µl) and H2O2 (30 µl) in one-stage and two-stage microwave digestion procedures were compared. The results indicate that the sample matrix was completely dissolved in one-stage digestion; simultaneously, leaking and loss of Be were observed in the two-stage digestion. Hence, one-stage microwave digestion was used.
The effect of the amounts (300 -700 µl) of concentrated HNO3 and H2O2 (0 -90 µl) for digesting a spiked fish sample, NRC DOLT-3 (mentioned above), on the absorbance was tested with 0.084 ng Be(II) in 20 µl of the methanol solution. The results indicate that when 30 µl of H2O2 was used, the absorbance increased when the amount of conc. HNO3 increased from 300 to 500 µl and decreased when 600 and 700 µl were used; further, when 500 µl of conc. HNO3 was used, the absorbance increased as the amount of H2O2 was increased from 0 to 30 µl, and decreased as the amount of H2O2 was increased from 50 to 90 µl. Hence, 500 µl conc. HNO3 and 30 µl of H2O2 were selected for use in this study.
The effects of the digestion temperatures (80 to 95˚C holding for 10 min) and the digestion times (5 -20 min at 85˚C) using concentrated HNO3/H2O2 on the absorbance were tested with 0.084 ng Be in 20 µl of the methanol solution. The results indicate that the absorbance increased when the digestion temperature was increased from 80 to 85˚C, and then decreased 1698 ANALYTICAL SCIENCES DECEMBER 2004, VOL. 20 above 90˚C; further, the absorbance increased when the digestion time increased from 5 to 10 min at 85˚C, and then decreased when the digestion time was longer than 10 min. Hence, digestion at 85˚C for 10 min was used.
Amounts of acetate buffer and acetylacetone used
The effect of the pH (5.0 -7.0) of ammonium acetate buffer (5.0 M) on the absorbance of Be was tested with 0.084 ng of Be in 20 µl of the methanol solution. The results indicate that the absorbance of Be increased when the pH increased from 5.0 to 6.0, and then decreased when the pH increased from 6.5 to 7.0. Hence, an acetate buffer pH of 6.0 was used. Similarly, the amounts of acetate buffer (0 -40 mmol of pH 6.0) and acetylacetone (0 -70 µl) were varied. The results indicate that when 50 µl of acac was used, the absorbance increased as the amount of acetate buffer increased from 0 to 25 mmol, and then decreased as the amount of acetate buffer increased from 30 to 40 mmol. When 25 mmol of acetate buffer was used, the absorbance increased as the amount of acac was increased from 0 to 50 µl, and decreased as the amount of acac was increased from 60 to 70 µl. This might have been due to the excess acac, which would not be completely removed during the ashing step, and would interfere with the atomization of Be in the atomization step. Hence, 25 mmol of acetate buffer and 50 µl of acetylacetone were selected for use.
Calibration graphs, method detection limit (MDL), and recovery tests for Be in fish and other marine organisms
Two sets of calibration graphs were compared. In the first set, a typical calibration graph for Be from the standard addition method was y = 4.60 × 10 -2 x + 4.0 × 10 -3 with a correlation coefficient of 0.9997 when 0 -2.50 ng of Be(II) was spiked to fish sample NRC DOLT-3 (10 mg). The second set was prepared by adding Be(II) (0 -2.50 ng) directly to a methanol solution (0.50 ml) containing acetylacetone (50 µl) and an appropriate amount of ammonium acetate buffer (0.75 mmol, in methanol). A typical calibration graph from the second set was y = 4.53 × 10 -2 x + 1.6 × 10 -3 with a correlation coefficient of 0.9996. The relative error of six slopes obtained from these two sets was within 2.0%. By comparing the slopes of twenty-four linear equations obtained from the standard addition method (0 -0.400 ng Be) for five fish, one lobster, one oyster, and one algae samples with the above three calibration graphs from the second set, the relative error was within 3.3%. These results indicate that the various marine organism matrices do not significantly interfere with the measurement of Be after microwave digestion. Thus, the calibration graphs prepared from the second set can be used for the quantification of Be in marine organism samples.
Following the proposed method, the MDL was determined as the amount corresponding to three-times the standard deviation of twelve replicates using 20 µl of a methanol solution containing 3.5 pg of Be prepared from fish sample NRC DOLT-3. The MDL (3σ) value of Be in fish from the mean of six determinations was found to be 0.046 ± 0.002 ng for a 10 mg marine organism sample, or 4.6 ± 0.2 ng g -1 . The MDL value obtained in this work was comparable to that (4 ng g -1 for a 5 g wet fish tissue by ICP-MS) 9 reported elsewhere. The linear range of the proposed method was from 0.046 to 2.59 ng Be (or 4.6 -259 ng g -1 ) for a 10 mg dry marine organism sample. The risk level of Be in fish was reported 9 to be 84 ng g -1 . Hence, the proposed method would be useful for this test.
Since no CRMs for Be in marine organisms are available at present, spiked recoveries were used for evaluating the performance of the proposed method. Twelve samples (seven fish, a shrimp, a lobster, an octopus, an oyster, and an algae) were analyzed according to the proposed method. Among them, the contents of Be in four samples [two fish (CC-M and CC-L), one shrimp (GS), and one octopus (OCT)] were found below the MDL value (< 0.046 ng, or < 4.6 ng g -1 ), as listed in Table 2 . The contents of Be in other samples (five fish, one lobster, one oyster, and one algae) were found in the range of 0.071 -0.247 ng (or 7.1 -24.7 ng g -1 ), with relative standard deviation (RSD, n = 3) between 2.8 and 7.1%. The levels of Be in the oyster (OY) and in the lobster (TORT-2) were slightly higher than others among the twelve samples analyzed; but all were below the risk level (84 ng g -1 ) of Be in fish tissue. 9 Appropriate amounts (0.200 and 0.400 ng) of Be(II) in methanol were spiked on each of the above five fish, one lobster, one oyster, and one algae samples. Table 3 indicates that the recoveries from the mean of three determinations were 98.5 -105.0%, with the RSD (n = 3) being within 3.0%. It is concluded that the contents (4.6 -259 ng g -1 ) of Be in a dried marine organism sample (10 mg) can be accurately determined by the proposed method. ANALYTICAL SCIENCES DECEMBER 2004, VOL. 20 
